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Modeling and Design of Decouple PID Control for Ultra Compact Binary Power Plant 
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Linear transfer function models of three inputs-two outputs of a 10KW class ultra-compact binary power plant are 
built to design control system in this paper. Decouple PID control systems using pre-compensators with parallel 
connection for linearized transfer function matrix models are designed to reduce the interaction of a multivariable 
control plant. In addition, control results of two inputs-two outputs system and three inputs-two outputs system are 
compared to confirm the control performance. 
Key Words : Low temperature difference, Ultra compact binary power generation, Decouple PID control 





࡜ࡋ࡚㸪100 ୓ KW ⣭ࡢ኱つᶍᆅ⇕Ⓨ㟁࠿ࡽ 50 KW ⣭ࡲ࡛ࡢᑠᆺⓎ㟁ࡣᐇ⏝໬ࡉࢀ࡚࠸ࡿࡀ㸪ᑠつᶍᕤሙࡸ Ἠ












* ཎ✏ཷ௜ 2013 ᖺ 8 ᭶ 21 ᪥ 














Fig1Structure of ultra-compact binary power generation system using low temperature difference thermal energy 
 




ࡿ Ỉ㔞㸦60ഒ㸧ࢆࢫࢸࢵࣉ≧>60 ε/min (10Hz) → 283 ε/ min (60Hz) ] ࡟ຍ࠼㸪ࢱ࣮ࣅࣥධཱྀฟཱྀࡢᅽຊࢫࢸࢵ
ࣉᛂ⟅ࢆ ᐃࡍࡿ㸬ࡇࡢ࡜ࡁ㸪෭Ỉ㔞>265 ε/min (60Hz) ] ࡜సືὶయ㔞>࣏ࣥࣉᅇ㌿ᩘ 60 Hz@ࡣ୍ᐃ㸪ࢱ࣮ࣅ
ࣥධཱྀ㟁☢ᘚࡣ඲㛤>100%@࡜ࡍࡿ㸬ḟ࡟㸪෭༷※࡛࠶ࡿ෭Ỉ㔞㸦8㹼9Υ㸧ࢆࢫࢸࢵࣉ≧>120 ε/min (20Hz) → 
265 ε / min (60Hz) @࡟ຍ࠼㸪ࢱ࣮ࣅࣥධཱྀฟཱྀࡢᅽຊࢫࢸࢵࣉᛂ⟅ࢆ ᐃࡍࡿ㸬ࡇࡢ࡜ࡁ㸪 Ỉ㔞
>240L/min(50Hz)@࡜௚ࡢኚ㔞ࡣ୍ᐃ࡜ࡍࡿ㸬᭦࡟㸪㟁☢ᘚࡢ㛤ᗘࢆࢫࢸࢵࣉ≧>40᧡→100᧡@࡟ຍ࠼㸪ࢱ࣮ࣅ
ࣥධཱྀฟཱྀࡢᅽຊࢫࢸࢵࣉᛂ⟅ࢆ ᐃࡍࡿ㸬ࡇࡢ࡜ࡁ㸪ࡑࡢ௚ࡢኚ㔞ࡣ୍ᐃ࡜ࡍࡿ㸬 ᐃ࡟࠾࠸࡚ࡣ㸪ධຊᢞධ
2 ศᚋ࡟ࢫࢸࢵࣉ≧࡟ࡋ㸪ᐃᖖ≧ែ࡟⮳ࡿ 4 ศ㛫ィ ࡋࡓ㸬ࡇࡢ࡜ࡁࡢࢧࣥࣉࣜࣥࢢ࿘ᮇࡣ 3 ⛊㸪ࢹ࣮ࢱᩘࡣ 240
ಶ࡛࠶ࡿ㸬

3.2 3 ධຊ 2 ฟຊ⥺ᙧ໬ఏ㐩㛵ᩘ⾜ิࣔࢹࣝࡢᵓ⠏







Fig2Block diagram of 3inputs-2outputs transfer function model  Fig3 Real response by Hot water step input 
 
  
Fig4Real response by Cold water step input         Fig5Real response by Solenoid valve step input 
 
ࡇࡢᐇࢫࢸࢵࣉᛂ⟅࡟ᑐࡋ࡚ࣂ࢖࢔ࢫࢆ㝖ཤࡋ㸪ᘧ㸦1㸧ࡢ G1(s)ࢆ⏝࠸୍࡚ḟ㐜ࢀ↓㥏᫬㛫せ⣲࡛ࣔࢹࣝ໬ࡍ
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4.86G     (4)
ᚓࡽࢀࡓ⥺ᙧ໬ఏ㐩㛵ᩘࣔࢹࣝࡢࢫࢸࢵࣉᛂ⟅࡜ ᐃࡋࡓᐇࢫࢸࢵࣉᛂ⟅ࡢẚ㍑ࢆ㸪ᅗ 8㸪9㸪10 ࡟♧ࡍ㸬

     
 















































































           
(5)

ࡲࡎ㸪௚᪉ࡢไᚚ㔞ࢆእ஘࡜ࡳ࡞ࡋ࡚࣮ࣝࣉẖ࡟ PID ไᚚჾࢆタィࡋ PID ไᚚࢆ⾜ࡗࡓ⤖ᯝࢆᅗ 11 ࡟♧ࡍ
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  
Fig11PID control result of 3input 2out system 

ᅗ 11 ࡣ㸪ࣉࣛࣥࢺ࡟࠾ࡅࡿ ᗘ㸪ᅽຊ㸪ὶ㔞࡞࡝ࡢไᚚ㔞ࡀ┦஫࡟ᖸ΅ࡋ࠶࠸㸪PID ไᚚ࡛ࡣᏳᐃࡋࡓไᚚ
ࡀᅔ㞴࡛࠶ࡿࡇ࡜ࢆ♧ࡋ࡚࠸ࡿ㸬ᚑࡗ࡚㸪ఱࡽ࠿ࡢ㠀ᖸ΅໬ࡢᑐ⟇ࡀᚲせ࡜࡞ࡿࡇࡢ࡜ࡁࡢ᣺ື࿘ᮇࡣ 1.46 ⛊
࡛࠶ࡾ㸪ࡇࡢPIDไᚚ⤖ᯝ࠿ࡽᚓࡽࢀࡓࣁࣥࢳࣥࢢ࿘Ἴᩘw01=4.3ࢆ⏝࠸࡚㠀ᖸ΅໬๓⨨⿵ൾჾGc1ࢆタィࡍࡿ㸬
୍⯡໬ᨃఝᑐゅ໬ἲ࡟ࡼࡾタィࡋࡓ๓⨨⿵ൾჾ Gc1 ࡣᘧ(6) ࡢࡼ࠺࡟࡞ࡾ㸪ࡇࡢ࡜ࡁࡢ ㏫ࢼ࢖࢟ࢫࢺ⥺ᅗ࡜ࢤࣜ
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1 ẁ┤ิ᥋⥆࡛㍍ῶ࡛ࡁ࡞࠿ࡗࡓ┦஫ᖸ΅ࡢ୰࡛㸪ࡑࡢ┦஫ᖸ΅ࡀⴭࡋ࠸୍ࡘࡢ࿘Ἴᩘ w02=11 ࡟╔┠ࡋ࡚๓




Fig13Block diagram of Gc1+Gc2 parallel connection 

Fig.14 Inverse Nyquist array and Gershgorin band byGc1+ Gc2 
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ࡇࢀࡼࡾ࿘Ἴᩘ w01㸻4.3 ࡜ w02=11 ࡟ᑐࡍࡿࢤࣜࢩࣗࢦࣜࣥᖏࡀཎⅬࢆྵࡲ࡞ࡃ࡞ࡾ㸪ࡲࡓ௚ࡢゅ࿘Ἴᩘࡢࢤ
ࣜࢩࣗࢦࣜࣥᖏ༙ᚄࡶᑠࡉࡃ࡞ࡿࡇ࡜ࡀศ࠿ࡿ㸬᭦࡞ࡿ㠀ᖸ΅໬ࢆᅗࡿࡓࡵ࡟㸪w03 = 20.0㸪w04 = 40.0㸪w05 = 4.1㸪
w06 = 4.4㸪w07 = 7.0 ࡟ᑐࡍࡿ Gc3㸪Gc4㸪Gc5㸪Gc6㸪Gc7 ࢆタィࡋ㸪7 ẁ୪ิ᥋⥆ࡋࡓ࡜ࡁࡢࣈࣟࢵࢡ⥺ᅗࢆᅗ
15 ࡟㸪 ㏫ࢼ࢖࢟ࢫࢺ㓄ิࢆᅗ 16 ࡟♧ࡍ㸬ࡇࡢ࡜ࡁࡢ 7 ẁ୪ิ᥋⥆㠀ᖸ΅໬๓⨨⿵ൾჾࡣ㸪ᘧ(7)ࡢࡼ࠺࡟࡞ࡿ㸬
ࢤࣜࢩࣗࢦࣜࣥᖏࡀཎⅬࢆྵࢇ࡛࠸࡞࠸ࡇ࡜࠿ࡽ㸪୍ᕠఏ㐩㛵ᩘ⾜ิ G(s) = Gp(s) ( Gc1+Gc2+Gc3+Gc4+Gc5+ 














   
(7)

Fig.15 Block diagram of Gc1+Gc2+Gc3+Gc4+Gc5+Gc6+Gc7 parallel connection


Fig.16 Inverse Nyquist Array and Gershgorin band byGc1+ Gc2+ Gc3+ Gc4+ Gc5+ Gc6+ Gc7
13低温度差熱エネルギーを用いた超小型バイナリー発電プラントの
モデリングと非干渉化 PID 制御系の設計
5. 㠀ᖸ΅໬ PID ไᚚ⣔ࡢタィ

5.1 3 ධຊ 2 ฟຊࣉࣛࣥࢺ࡟ᑐࡍࡿ㠀ᖸ΅໬ PID ไᚚ
᧯స㔞ࢆ Ỉ㔞࡜෭Ỉ㔞㸪ཬࡧࢱ࣮ࣅࣥධཱྀ㟁☢ᘚ㸪ไᚚ㔞ࢆࢱ࣮ࣅࣥධཱྀᅽຊ࡜ฟཱྀᅽຊ࡜ࡋ㸪ไᚚ┠ᶆࢆ
ࢱ࣮ࣅࣥධཱྀᅽຊ 1100 [KPa]㸪ฟཱྀᅽຊ 700[KPa]࡜ࡍࡿ㠀ᖸ΅໬ไᚚ⣔ PID ࢆタィࡍࡿ㸦ᅗ 17㸧㸬

Fig.17 Block diagram of Decouple PID control system  
3 ධຊ 2 ฟຊࣉࣛࣥࢺ Gp(s) ࡟ᑐࡋ࡚㸪㝈⏺ឤᗘἲ࡟ࡼࡾタィࡉࢀࡓ PID ࣃ࣓࣮ࣛࢱ࡜ไᚚ⤖ᯝࢆ⾲ 1 ࡜ᅗ 18
࡟♧ࡍ㸬

Fig.18 3inputs-2outputs Decouple PID Control by 7-stage parallel connection
       
  Ỉ࣏ࣥࣉ ෭Ỉ࣏ࣥࣉ
Kp 0.0434 0.6552 
Ti 0.7036 0.4475 
Td 0.1759 0.1119 
Table 1  Ỉ࣮ࣝࣉ࡜෭Ỉ࣮ࣝࣉࡢ PID ࣃ࣓࣮ࣛࢱ 
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5.2 2 ධຊ 2 ฟຊࣉࣛࣥࢺ࡟ᑐࡍࡿ㠀ᖸ΅໬ PID ไᚚ
ࡇࡇ࡛ࡣ᧯స㔞ࡢᩘࡀไᚚᛶ⬟࡟୚࠼ࡿຠᯝࢆ᳨ウࡍࡿࡓࡵ࡟㸪๓⠇ࡼࡾ᧯స㔞ࡢᩘࡀᑡ࡞࠸ Ỉ㔞࡜෭Ỉ㔞
ࡢ 2 ࡘࢆ᧯స㔞࡜ࡍࡿ 2 ධຊ 2 ฟຊࣉࣛࣥࢺ࡟ᑐࡍࡿไᚚࢆヨࡳࡿ㸬3 ධຊ 2 ฟຊࣉࣛࣥࢺ࡜ྠᵝ࡟㸪7 ẁ୪ิ᥋
⥆๓⨨⿵ൾჾࢆタィࡋ㠀ᖸ΅໬ PID ไᚚࢆ⾜ࡗࡓ㸬㝈⏺ឤᗘἲ࡟ࡼࡾタィࡉࢀࡓ PID ࣃ࣓࣮ࣛࢱࢆ⾲ 2㸪ไᚚ⤖
ᯝࢆᅗ 19 ࡟♧ࡍ㸬
 
Fig.19 2inputs-2outputs Decouple PID control Result by 7-stage parallel connection 





ࡇࡇ࡛ࡣ 3ධຊ 2ฟຊࣉࣛࣥࢺ࡜ 2ධຊ 2ฟຊࣉࣛࣥࢺ࡟ᑐࡍࡿไᚚᛶ⬟ࢆࢤ࢖ࣥవ⿱࡜఩┦వ⿱ࡢほⅬ࠿ࡽ
᳨ウࡍࡿ㸬ᅗ 20 ࡣ 3 ධຊ 2 ฟຊ࡟ᑐࡍࡿ Ỉ࣮ࣝࣉࡢ Nyquist ⥺ᅗ࡜ Bode ⥺ᅗࢆ㸪ࡲࡓᅗ 21 ࡣ෭Ỉ࣮ࣝࣉࡢࡑ
ࢀࡽࢆ⾲ࡋ࡚࠸ࡿ㸬ࡇࢀࡽࡢ⤖ᯝࡼࡾ㸪 Ỉ࣮ࣝࣉࡢࢤ࢖ࣥవ⿱ࡣ-180 [ ° ] ௜㏆ࡢȰ 4.5 [ rad/sec ] ࡛ 5.55 [ dB ] 
࡛࠶ࡾ㸪෭Ỉ࣮ࣝࣉࡢࢤ࢖ࣥవ⿱ࡣȰ 6.99 [ rad/sec ] ࡛ 1.82 [ dB ] ࡛࠶ࡿ
       
  Ỉ࣏ࣥࣉ ෭Ỉ࣏ࣥࣉ
Kp 0.0493 1.8347 
Ti 0.1901 14.6086 
Td 0.0467 0.7950 




Fig.20㸬 Nyquist and Bode diagram of Hot water loop of 3inputs-2outputs plant 

 
Fig.21 Nyquist and Bode diagram of Cold water loop of 3inputs-2outputs plant 

ไᚚᛶ⬟ࢆẚ㍑ࡋࡓࡶࡢࡀ⾲ 3 ࡛࠶ࡿ㸬௨ୖࡼࡾ㸪3 ධຊ 2 ฟຊ㠀ᖸ΅໬ PID ไᚚ⣔ࡢ᪉ࡀࢤ࢖ࣥవ⿱㸪఩┦వ
⿱཮᪉ࡢᮃࡲࡋ࠸್࡟㏆ࡃ㸪ไᚚᛶ⬟ࡣ㧗ࡲࡿࡇ࡜ࡀ☜ㄆ࡛ࡁࡿ㸬






       
ไᚚᛶ⬟ ᮃࡲࡋ࠸್ ༊ศ 3 ධຊ 2 ฟຊ 2 ධຊ 2 ฟຊ
ࢤ࢖ࣥవ⿱ 3~10 [dB]  Ỉ⣔ 5.55[dB] 0.262[dB] 
෭Ỉ⣔ 1.92[dB] 48.2[dB] 
఩┦వ⿱ 20~70[deg]  Ỉ⣔ 91.2[deg]  4.17[deg] 
෭Ỉ⣔ 29.5[deg] 19.6[deg] 
ᩚᐃ᫬㛫 ࣭ 700 ⛊ 2200 ⛊ 
Table 3  3 ධຊ 2 ฟຊࣉࣛࣥࢺ࡜ 2 ධຊ 2 ฟຊࣉࣛࣥࢺࡢไᚚᛶ⬟ࡢẚ㍑ 
16 韓建榮，有田護，池上康之，李羲頡
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